Introduction
Research in tribo-corrosion is based on the growing recognition that wear in chemicallyactive surroundings can be quite different from that which occurs from mechanical wear alone.
Likewise, it has been recognized that corrosion rates under static, free-surface conditions can be quite different than when those exposed surfaces are also rubbed or abraded. A moment's reflection reveals the widespread occurrence of such situations in machinery and the need to formalize both their study and approaches to their mitigation. The field of tribo-corrosion, therefore, is an emerging, interdisciplinary subject that spans broadly from basic research on the nano-scale behavior of surfaces in mechanical contact in chemically active environments to the test methods and standards needed to quantify its effects, and from the selection of materials for bio-implants to the minimization of surface degradation and wastage in advanced energy conversion systems like off-shore wind turbines and deep sea oil drilling rigs.
Various workshops, working groups in technical societies, symposia, and informal collaborations have been addressing aspects of tribo-corrosion for more than two decades.
Similarly, technical sessions within larger conferences on bio-materials, tribology, or mechanical engineering have dealt with the subject. The 3 rd International Symposium on Tribo-Corrosion (Tribo-Corrosion 2012), whose content is reflected in this volume, is another in that on-going series.
The concluding session of Tribo-Corrosion 2012 comprised a discussion among several keynote speakers and the general attendees in order to address future needs and challenges in tribo-corrosion research and testing. Some of the topics discussed resulted from a written survey of symposium attendees and others evolved during the discussion. This paper summarizes the issues that emerged during that discussion. It is not meant to be an all inclusive assessment of the state-of-the-art of tribo-corrosion related research and development, but rather a snapshot of issues that the attendees felt offered the potential to advance the field through improved understanding of mechanisms, methods for testing, and the translation of laboratory results into engineering practice in different fields of application.
During the discussion and frequently occurring in questionnaires was the term bio-tribocorrosion. A working definition for the term, which is herein proposed for consideration of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 bio-tribocorrosion, n. -a form of tribocorrosion in which living organisms are present in the contact region of the tribo-elements and which affect the interfacial chemistry and contact conditions . Note: Use of this term includes applications such as medical or dental implants in human or animal bodies, but it can also encompass liquids containing bacterial matter and the interactions of degradation products (wear debris) with living organisms.
Note that the foregoing definition adds no hyphen between tribo and corrosion to be consistent with the term "tribocorrosion" that currently exists in ASTM G40-10b. Both hyphenated and non-hyphenated forms of that term can be found in the tribology literature, but in this paper the hyphenated form will be used. research, improvements in methodology, and standardization in the field of tribo-corrosion.
Responses to Attendee Questionnaires
Attendees to Tribo-Corrosion 2012 were provided questionnaires that asked to provide written opinions on the following questions:
1) Which basic research areas in tribo-corrosion are least understood or require more study?
2) Which areas of tribo-corrosion testing need development? 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The comments listed in Tables 1-4 obviously represent the opinions of a relative small sample of researchers and applications-oriented engineers, many of which are focused on the bio-implants area; however, there are number of common themes, all of which point to the need for better education of technologists on the broad impact and practical implications of tribocorrosion. Some of the comments may reflect increased awareness of certain issues following exposure to the presentations made during the symposium.
In addition to the aforementioned comments, there was other written comments specifically related to the need for events such as the current symposium. For example, one individual suggested that international symposia on tribo-corrosion be held every two years rather than every three years, as has been done historically. Furthermore, they suggested that the event be focused on tribo-corrosion for industrial applications in order to attract more individuals from industry. 
Issues Addressed During the Open Discussion

Research Needs in General Tribo-corrosion.
Little seems to be known about aqueous tribo-corrosion at low open circuit potentials.
Experiments are sometimes designed to apply more aggressive conditions, yet tribo-corrosion can occur at lower potentials as well. These are more difficult to observe and to study.
Recent work is correlating the microstructure and properties of near surface layers in metals with imposed tribo-corrosion conditions. This work is leading to new insights on the formation of wear particles in the deformed layers, especially in the presence of electrical currents. It should be expanded.
Research on tribo-corrosion would be benefited by the development of more in situ probes for sensing changes in the local conditions of the contact in response to different rubbing conditions, temperature, and electrolyte chemistry. Examples included FTIR and micro-Raman techniques. Not only electrochemical potential, but impedance measurements would benefit our understanding of tribo-corrosion experiments.
Tribo-corrosion models should integrate phenomena occurring at various size scales, from nano to macro.
Research Needs Specific to Bio-tribo-corrosion.
The field of bio-tribo-corrosion is an important subfield of tribo-corrosion and involves considerations that are unique to situations in which wear occurs in biological environments. The following comments made during the discussion referred specifically to this subfield: 3.4.1 Application specific tests. The development of tribo-corrosion test methods to simulate practical applications was said to be a worthy goal, but to do that it will be necessary to better understand the application's electrochemical characteristics so that the laboratory tests can be properly designed to simulate not only mechanical contact characteristics but corrosionrelated characteristics as well.
3.4.2 Education and awareness of tribo-corrosion. Some industries, like that involving dental restoratives, are only slowly being made aware of the existence of the field of tribocorrosion. Plant engineers and product designers may not follow the tribology or corrosion literature where tribo-corrosion studies are published. A significant exception concerns the biotribology community which is very focused on the role of body environment on the wear performance and debris generation characteristics of implants like femoral heads, knee joints, artificial heart valves, and even stents in which a second stent may fret against a previously inserted one.
Condition monitoring. It was suggested that instrumenting practical tribo-systems
with electrochemical potential or current sensors could make use of the tribo-corrosion processes for condition monitoring. That approach would depend on the practically of installing such sensors to obtain unambiguous readings and the ability of the those who monitor the sensor output to understand the meaning of the data.
3.4.4 Industry commitments to tribo-corrosion research. A question arose during the discussion as to whether industrial firms were really interested in the research aspects of tribocorrosion or whether they simply wanted to know a rate of wear and/or wear mechanism for various materials, irrespective of how that process mechanistically takes place. This suggestion evoked a strong reaction from some in the audience who asserted that industry had invested heavily in application-oriented tribo-corrosion research. Notably, at least one company concerned with tribo-corrosion of oil sand handling equipment had established a university chair to elucidate the science behind the processes that were degrading their equipment. Therefore, it is not possible to generalize about the degree to which a given company or an industrial sector is willing to invest in the science underlying a materials problem, even one that can so strongly affect its productivity. If industry were to become more aware of the field of tribo-corrosion, what it concerns, and how its insights could solve costly practical problems, private sector research on applied tribo-corrosion might greatly expand.
Conclusions
The conclusions summarized here are based on a relatively small sample of individuals (about 54); however, some participants are leaders in the field of tribo-corrosion research or have had direct experience with the phenomenon in practical applications, including litigation and failure analysis.
Diversity of applications. Clearly, there are numerous instances in mechanical and
bio-systems in which wear and corrosion interact. These include industrial sectors like material processing; transportation by ground, air, and sea; energy conversion; oil and gas exploration; tar sands harvesting; medical and dental implants; agriculture; surgical devices; military equipment; and many more.
Maturity of the field. While the impacts of tribo-corrosion processes in machines
and the human body are broad, experimental tribo-corrosion research is in an infant stage compared to other aspects of tribology.
4.3 Laboratory testing in basic research. Testing geometries for fundamental studies are largely dominated by simple pin-on-disk or reciprocating pin-on-flat configurations, and while they produce some useful insights, they do not reflect the wide diversity of contact situations in machine components or in the human body in which tribo-corrosion occurs. Experimenters sometimes impose larger potentials to produce the most easily measurable effects; yet there are some situations in which the potential difference in tribo-contacts is relatively small, producing subtle changes in rates of wear and surface recession that may only be detectable after long observation times. Experimentally, the contact area that is being affected by tribo-corrosion may processes that occur in a given application should be correctly matched with test methods that simulate those particular influences, albeit in a well-controlled and monitored manner.
4.6 Need for more frequent symposia. Some of the industry representatives in attendance suggested more frequent symposia on tribo-corrosion, especially those focused on investigating and solving diverse practical problems. This suggestion supports the observation that there is a general lack of awareness on the part of some companies that are experiencing costly wear-corrosion failures that the field of tribo-corrosion research even exists. Some companies, notably a few in Europe, have invested considerable funding to investigate the fundamental causes for tribo-corrosive failures in equipment, but that seems to be a notable exception to the common practice of treating wear and corrosion problems separately.
4.7 Need for better education and awareness of tribo-corrosion. Due to the prevalence of tribo-corrosion problems in engineering and medicine, more awareness of the field and specialized education for both practicing engineers and students is needed. The easiest start would be for universities or research institutes to offer regular short courses on the subject, but academicians are urged to consider adding tribo-corrosion content to university-level courses in mechanical engineering, materials engineering, bio-engineering, and of course, tribology. [2] R. M. Voitic (1993) 
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